Fig. 2: The BIOTREE-NET data tables and their inter-relationships. Dotted lines show how tables are linked, with arrows indicat-
ing directionality of subordination between tables. Some tables are designed only to link the main data tables together (see
text). The main data tables all contain identifier fields labelled ‘id’. In the table inventory this identifies the forest plot; in tempo-
ral it identifies the sample/census; in observ ation it refers to the recorded (raw) species identification, while in taxon it refers to
the corrected species identification; in observation_dbh it identifies the dbh measurement; in ecoprofiles it identifies the trait
and in images ecoprofiles it refers to an image of that trait. These and other fields are marked as attributes with an ‘A’, except for

fields in subordinate tables that link to the ‘master’ table (the dotted lines); these fields are labelled ‘FK’.

The framework used for the develop-
ment of the system is Ruby on Rails
(RoR, Ruby et al. 2009). RoR enables
agile software development by abstracting
the functionality of the model, view and
controller layers. The differentiation into
layers allows for greater control and secu-
rity as well as the implementation of, in-
dependent modules that complement the
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functionality of the project. Advantages to
this framework include authentication
multi-language, security layer, abstract
model layer, large development commu-
nity and open source.

The model layer is implemented in
PostgreSQL and PostGIS (Fig. 4) to cover
alphanumeric and spatial data. In refer-
ence to forest plots, spatial data are repre-

sented by a point vector layer indicating
the plot centroid. In addition, a set of aux-
iliary layers are also managed from Post-
GIS, including administrative boundaries
(countries, states, counties), forest types
(Arino et al. 2008), ecoregions (WWF
2010), and natural protected areas
(WDPA 2010). Raster layers, including
climatic and topographical data (Hijmans
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Table 'observa

tion'
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Abuta sp.
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( Is contained in The PI;

ant List? )

&3 |

error

Is an accepted name?

Is a synonym?

‘taxon’' as unresol
Action
Find accepted name

and include in table
'taxon’ as accepted

Correct typographical

Check other lists

Include in table

(__r)

(Is there a similar name in table ‘Taxon'?)

Non-automated revision
of species name

Is a typographical error?

i Action

+{ Is a morphospecies?

ved

' ' .
Table 'taxon Include in table
Action aiia SpecificEpithet taxon' as morphospecies
N Abuta panamensis
Include in table Abuta sp1_CBR
‘taxon’ accepted Abuta sp1_TZA
tAXON:: a8, Accepte Abarema  idiopoda
Abarema racemiflora
Ables
Abies sp1_CBR
Unidentified sp1_zZIP

Fig. 3: Protocol for taxonomic standardisation of species names in BIOTREE-NET.

et al. 2005), will be also included within a
global spatial data infrastructure. Spatial
vector and raster layers cannot be made
publicly available within BIOTREE-NET
because intellectual property rights are
protected in most cases, but project par-
ticipants will be given privileged access.
The view layer (front-web and web in
services) provides an interface for the user
or machine with the BIOTREE-NET pro-
ject (Fig. 4). This layer is implemented in
Dynamic HTML, CSS and Javascript for
the front-web, and SOAP for Web Ser-
vices. The controller layer manages re-
quests through the view layer, performs
the required actions, and when necessary,
provides access to the model layer. The
controller layer is mainly managed in
Ruby (Fig. 4). Other technologies (such as
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R, GRASS and Python) will be used to
complete the project information, for ex-
ample by fitting statistical models to pre-
dict species distribution ranges.

Basic statistical summary of
the tree data

All figures given in this section refer to
the state of the BIOTREE-NET database
as of 27 December 2010. These data are
stored in, and available from, the BIOT-
REE-NET database, with the ID NA-00-
002 in the Global Index of Vegetation-
Plot Databases (Dengler et al. 2011). By
this date, the database contained 2,019
forest inventory plots from southern Mex-
ico and Central America. Most plots are

from Mexico (65.9%), followed by Costa
Rica (10.2%), Panama (9.9%), Honduras
(6.9%), El Salvador (3.4%), Belize (2.1%)
and Nicaragua (1.6%) (Fig. 5a). Figures
change slightly if we look at the total
sampled area by country, with Mexico
holding the largest total sampled area
(135.89 ha), followed by Panama (114.16
ha), Costa Rica (29.43 ha), Honduras
(12.29 ha), El Salvador (6.39 ha), Nicara-
gua (6.15 ha) and Belize (5.33 ha). No
data have yet been collated from Guate-
mala but some forest plots have already
been identified and new research projects
are to be launched in this country in the
near future. Forest plots and total sampled
area are also unevenly distributed across
ecoregions (Table 1); this probably repre-
sents a general pattern in forest data. Five
out of the 42 ecoregions present in this
area account for 64.6% of all forest plots,
and 14 ecoregions have no information
(listed in Table 1 legend). This disparity
in plot distribution is due mainly to the
specific interests of researchers and ac-
cess to large datasets of particular regions,
such as the Central American pine—oak
forests ecoregion (Plate A), the Peten—
Veracruz moist forests, or the Isthmian-
Atlantic and Isthmian-Pacific moist for-
ests (Plate B). Even within these large
ecoregions, forest plots are unevenly dis-
tributed. For example, in Central Ameri-
can pine—oak forests, more than 90% of
the plots are concentrated in southern
Mexico, while (as previously indicated),
no plots are available for Guatemala, and
only a few plots are located in Honduras
and El Salvador. Around 68% of all the
forest plots are outside protected areas.
Some protected areas are, however, rela-
tively well sampled, such as El Triunfo
(92 plots), and Sierra de Manantlan Bio-
sphere Reserve (87 plots), in Mexico. The
vast majority of forest plots (ca. 98%) in
the BIOTREE-NET database have been
censused only once. Most forest plots
were sampled between 2001 and 2010
(59.9%) and 1991-2000 (39.0%) (Fig.
5b). Only a few plots from Palo Verde
National Park in Costa Rica (0.39%;
Hartshorn 1983) and north central Yuca-
tan in Mexico (0.05%; White and Hood
2004) were sampled prior to 1990.
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Plate: Some of the most common vege-
tation types featured by the BIOTREE-
NET database (GIVD ID NA-00-002).

A: Central American pine-oak forest in
the Huitepec Reserve, southern Mexico
(Photo: N. Ramirez-Marcial).

B: Isthmian-Pacific moist forest in
Cerro La Tronosa, Panama (Photo: C.
Garibaldi).

C: Chiapas Depression dry forest in
Jiquipilas, southern Mexico (Photo: N.
Ramirez-Marcial).
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PostgreSQL + PostGIS
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Fig. 4: Technical specification of the BIOTREE-NET project and global view of the system, including the model, view and con-

troller layers.

Nearly 7% of forest plots were undated.
Sampling protocols and the type of data
collected vary considerably within the
BIOTREE-NET forest inventory plots.
Most of the forest plots contain data on
tree species abundance (90.4%), the rest
being presence—absence data only. In the
plots with abundance data, 73.5% contain
fewer than 100 stems, followed by plots
with 100-500 stems (23.6%), plots with
500-1,000 stems (1.7%), and plots with
1,000-5,000 stems (1.2%). Around 20%
of the forest plots have information on
tree diameter. Plot shape also varies con-
siderably, and sampling protocols include
circular plots, quadrats, nested plots, tran-
sects and rapid biodiversity surveys.
There is also a wide variation in sampling
area (Fig. 5¢). A large proportion of forest
plots are small, with sampled areas of
0.05-0.1 ha (48.0%) or 0.01-0.05 ha
(34.4%). Larger plots are less common,
with 1.9% in the range 0.1-0.2 ha, 5.1%
0.2-0.5 ha, 7.5% 0.5-1 ha and only 0.2%
of the plots being larger than 1 ha. The
largest sampled areas often correspond to
a set of smaller sub-samples for which
detailed tree species data have been
pooled. In such cases, geographical coor-
dinates often indicate the centroid of all
sub-samples. More detailed information
from these forest plots may be available
in a near future. The minimum dbh at
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which individual trees were recorded for
most of the plots was 5 cm (47.1%) or 10
cm (29.8%); however, some plots in-
cluded smaller trees (Fig. 5d).

Of the forest plots, 68.8% were ob-
tained from published scientific papers.
Of these, only 6% were available for
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download via the Internet. Around 14.6%
were unpublished forest plot data from
degree and master theses or technical
reports. Finally, ca. 17% of all forest plots
come from unpublished surveys carried
out by researchers and conservation or-
ganisations.
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Fig. 5: Percent frequency of forest plots included in the BIOTREE-NET database ac-
cording to: (a) country; (b) decade (1961 to 2010); (c) individual plot size; and (d)

minimum dbh of trees measured.

Biodiversity & Ecology 4 2012



Table 1: Ecoregions (WWF 2010) for which there are forest inventory plots in the BIOTREE-NET database and total sampled area
(ha). Ecoregions are defined as large areas of land or water that contain a geographically distinct assemblage of natural com-
munities that: (a) share a large majority of their species and ecological dynamics; (b) share similar environmental conditions,
and; (c) interact ecologically in ways that are critical for their long-term persistence (Dinerstein et al. 2000). There is no informa-
tion available for the following 14 ecoregions: Bajo dry forests, Balsas dry forests, Chimalapas montane forests, Choco-Darien
moist forests, Motagua valley thornscrub, Northern Mesoamerican Pacific mangroves, Panamian dry forests, Pantanos de
Centla, Sierra Madre Occidental pine-oak forests, Sierra Madre Oriental pine-oak forests, Sinaloan dry forests, South American
Pacific mangroves, Tehuacan valley matorral, Veracruz montane forests. Eighteen plots need revised geographical coordinates
and, consequently, could not be assigned yet to a specific ecoregion.

Ecoregion Number of plots Total sampled area (ha)
Central American pine—oak forests 709 69.80
Isthmian-Atlantic moist forests 199 114.91
Peten—Veracruz moist forests 154 12.50
Chiapas montane forests 125 13.74
Isthmian-Pacific moist forests 119 10.71
Sierra Madre de Chiapas moist forests 95 9.60
Trans-Mexican Volcanic Belt pine—oak forests 88 4.42
Southern Pacific dry forests 85 12.25
Central American Atlantic moist forests 80 3.87
Talamancan montane forests 70 9.37
Chiapas Depression dry forests 53 5.20
Jalisco dry forests 51 7.11
Central American montane forests 32 3.10
Oaxacan montane forests 30 2.88
Central American dry forests 27 11.42
Yucatan moist forests 26 3.93
Mesoamerican Gulf-Caribbean mangroves 14 0.77
Costa Rican seasonal moist forests 12 2.20
Veracruz dry forests 10 1.00
Yucatan dry forests 6 1.86
Southern Mesoamerican Pacific mangroves 5 0.75
Belizian pine forests 3 2.43
Veracruz moist forests 2 0.20
Sierra Madre del Sur pine—oak forests 2 0.25
Eastern Panamanian montane forests 1 1.00
Miskito pine forests 1 0.15
Sierra de los Tuxtlas 1 0.10
Sierra Madre de Oaxaca pine—oak forests 1 1.00
Total 2001 306.52

The BIOTREE-NET database is a valu-
able source of floristic information. There
are more than 5,000 species names in the
database, although a large proportion (20-
30%) corresponds to morphospecies. A
list of the 20 most frequent species in the
database is presented in Table 2, which
mostly correspond to montane pine—oak
forest species. In total there are 49,982
observations (each observation refers to
an identified species within a forest plot,
for which there is associated information
on either abundance or presence). Two
hundred and thirty of the tree species are
included in the IUCN Red List of Threat-
ened Species (IUCN 2010) under the
categories of extinct in the wild (1), criti-
cally endangered (9), endangered (50),
vulnerable (87), near threatened (2), low
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risk (73), least concern (3), and data defi-
cient (5).

Future outlook

We are now working on an improved
structure for the BIOTREE-NET data-
base, developing web applications and
data analysis tools. Data quality control is
an important issue that needs on-going
work and periodical evaluation. Some
taxonomic errors can be identified by
means of potential species distribution
models. The accuracy of geographical
coordinates also needs to be assessed.
Geographical misallocations of a few
dozens of meters can be irrelevant for
macroecological analyses, but larger er-
rors can have important consequences for

data analyses, particularly in the context
of species distribution modelling (Guisan
et al. 2007). Information about biological
and ecological attributes of species is cur-
rently being generated. This information
is already available for ca. 300 species (N.
Ramirez-Marcial, unpublished data), but
the target is to reach 1,000 species by the
end of the project and to enable an editing
system to allow researchers to continue
generating and editing this information in
the future. This will be especially relevant
for species conservation, for example,
through the design of restoration proto-
cols that consider seed dispersal mecha-
nisms, and shade or drought tolerance of
seedlings.

We strongly believe that a free, readily
available and comprehensive database
such as BIOTREE-NET may encourage

219



more proactive conservation measures in
those countries where scientific effort
(e.g. inventories) is limited by economic
and accessibility constraints. As more
data become part of the network, it will
allow for the identification of knowledge
gaps with respect to specific geographical
areas and/or tree families and species, and
this in turn will help focus resources to
maximise the usefulness of results. It will
also help identify new sources of informa-
tion, and promote interactions between
researchers and research institutions from
different areas through common research
and technical activities. Through BIOT-
REE-NET, scientists working in Central
America and southern Mexico will be
able to identify and contact other re-
searchers working towards common goals
and/or in similar areas, and we hope this
will promote collaborations and further
exchanges of data and ideas. Although
governmental and non-governmental con-
servation agencies fund academic re-
search, they often do not use the results of
such research to guide conservation poli-
cies in practice (Prendergast et al. 1999).
Since BIOTREE-NET aims to include
data from all suitable sources, we will try
to involve as many regional/national gov-
ernment bodies as possible, so that data
that may be obscured in official reports
become readily available to researchers.
Additionally, it may help politicians and

wildlife managers establish collaborations
with other regions or countries when
planning species-specific conservation
plans.

As an open-access database, BIOT-
REE-NET can be extremely useful for
Researchers can also use BIOTREE-NET
to investigate ecological communities,
analyse species turnover along environ-
mental gradients, and assist in identifying
comparable forest ecosystems by match-
ing information amongst research sites.
Because BIOTREE-NET incorporates
plots of different sizes, such research im-
plies the use of methods that enable com-
parison of samples of unequal size. We
are at present working on the develop-
ment of rarefaction methods for this pur-
pose (L. Cayuela et al., unpublished re-
sults). Taxonomic uncertainty can be also
incorporated to the analyses of ecological
communities by randomly re-assigning
non identified species in each
site to any of the other species found in
the remaining sites in an iterative fashion.
This allows estimation of a range of plau-
sible values for the parameter of interest
under different scenarios of re-assigned
species identities (Cayuela et al. 2011).

A set of tools that provides a database
with the ability to run spatial queries will
be incorporated into the database through
the use of PostGIS. The results of queries
will be fed directly into the open source

statistical language R within which spatial
models can be built and evaluated. Im-
plemented models will include GAMs,
tree-based models (CART), generalized
linear models and maximum entropy
models. Scripts will be implemented on
the server and results presented to users in
the form of maps and graphical outputs
based on submitted queries. The R lan-
guage will also be incorporated within the
PostgreSQL  database using the PL/R
package. Dynamic overlays will be possi-
ble online through spatial queries that al-
low data to be combined in various ways
to address complex research questions.
Visualisation of the results of online que-
ries will be provided in the form of web
pages and downloadable data files. This
output will help resolve specific data
needs.

Because a major goal of the project is
to provide a powerful and flexible frame-
work that will meet a variety of research
needs, researchers with knowledge of
SQL will be permitted and encouraged to
build and submit their own spatial queries
to the system in order to address specific
questions. To that end, full documentation
regarding the database scheme and struc-
ture will be provided for users with the
appropriate privileges. The documentation
will also include examples on the use of
the modelling structure.

Table 2: The twenty most frequent species in the forest plots of the BIOTREE-NET database and the number of plots in which

each species is present.

Species

Number of plots

Dendropanax arboreus (L.) Decne. & Planch.
Quercus segoviensis Liebm.

Pinus oocarpa Schiede ex Schitdl.

Quercus crispipilis Trel.

Bursera simaruba (L.) Sarg.

Cordia alliodora (Ruiz & Pav.) Oken
Brosimum alicastrum Sw.

Pinus maximinoi H.E. Moore

Cleyera theoides (Sw.) Choisy

Pinus tecunumanii F. Schwerdtf. ex Eguiluz & J.P.Perry
Virola sebifera Aubl.

Quercus crassifolia Humb. & Bonpl.
Lacistema aggregatum (Bergius) Rusby
Cecropia obtusifolia Bertol.

Persea americana Mill.

Simarouba amara Aubl.

Pinus pseudostrobus Lindl.

Cornus disciflora DC.

Guazuma ulmifolia Lam.

Cassipourea elliptica (Sw.) Pair.

354
328
261
252
241
238
230
222
210
189
178
176
171
171
165
164
161
161
160
154
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Contributing to the BIOTREE-
NET project

Anyone who wishes to contribute to the
BIOTREE-NET project with forest inven-
tory data is welcome to participate in this
initiative. The BIOTREE-NET database is
now publicly available
(http://portal.biotreenet.com). The website
contains clear instructions for how to get
and use the data. Access to GIS layers
will be however restricted to data con-
tributors and project participants. It is im-
portant to note that contributors must sign
an agreement to share and make their data
public. This agreement guarantees free
distribution of data as long as they are
used for non-commercial purposes, and
authorship is duly acknowledged when-
ever used. If data from BIOTREE-NET
aim to be used in a scientific publication,
data contributors must be given the oppor-
tunity to collaborate in such publication.
Further information on the participation
and data use agreement as well as on in-
tellectual property rights can be found in
the BIOTREE-NET website
(http://www.biotreenet.com/english/html).
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